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expected from predictions based on abiotic processes. Thus, this ap-
proach works well when biodegradation is the dominant sink and
when the abiotic processes are well characterized. Uncertainty in
modeling the abiotic processes makes this approach iinreliable when
biodegradation is not the dominant removal mechanism.

Direct Modeling. When reasonable estimates of biological processes
and parameters are available, directly modeling the biodegradation
process is the superior modeling strategy. These estimates can be
obtained from the scientific literature, past experience with similar
circumstances, laboratory experiments, or field-scale pilot studies,
depending on the site conditions and biodegradation reactions.

One approach is to use the model to answer the question, "Does
our best representation of the biodegradation rates, when combined
with the simultaneously occurring abiotic rates, support the conclu-
sion that biological reactions are responsible for observed changes in
contaminant levels or other relevant observations?" If the answer is
"yes," modeling provides a much greater measure of confidence that
observations supporting biodegradation are not artifacts.

A second approach is to use direct modeling to predict the
contaminant's concentration at unsampled locations or to predict the
future concentration. The model then identifies sample locations and
times that should yield particularly definitive measurements. Subse-
quent sampling, if consistent with model predictions, confirms the
analyst's understanding of what is occurring in the subsurface. Lack
of agreement between model predictions and actual developments
forces a reevaluation of the model and improves understanding of
the site and the parameter values.

In some cases, direct modeling must involve highly sophisticated
computer codes that take into account the three-dimensional nature
of the site, heterogeneities, and complex reactions. These models are
expensive to formulate and run, but they are essential tools for inves-
tigators who require a detailed description of what is happening at a
site. Currently, these types of models are viewed primarily as re-
search tools appropriate for highly monitored research, demonstra-
tion, or pilot sites.

In many practical applications, direct modeling can be greatly
simplified by eliminating all but the most essential phenomena. A
good strategy is to compare expected rates of all phenomena that
might affect the bioremediation. For example, the expected rate of
contaminant loss due to biodegradation can be compared with the
expected contaminant loss rate due to volatilization. Normally, a
few of the possible phenomena will have expected rates much greater